Abstract: Nine aminoacyl-tRNA synthetases with three auxiliary components are forming a multisynthetase complex which is essential component of protein biosynthesis machinery. The smallest auxiliary component p18 takes part in biosynthesis channeling. It is also a regulator of p53 and has tumor suppressing function. Particular structure of this protein is still unknown. Here methods of structural bioinformatics were applied to generate a model of p18 spatial structure suitable for further research. The structure was created using homology modeling. DNA-binding residues of p18 were also derived both from raw sequence and from threedimensional structure model.
Introduction
Aminoacyl-tRNA synthetases are essential enzymes that catalyze ligation of specific amino acids to cognate tRNAs. They also carrying on some non-enzymatic functions. In eukaryotes nine aminoacyltRNA synthetases in assotiation with 3 auxiliary components form a multienzyme complex.
Despite the fact that multisynthetase complex was studied over 20 years a role of different components and overall process of assemblage are still hypothesized. Participation of auxiliary proteins in synthetase gathering is an issue of particular interest. p18 or Aminoacyl Interacting Multifunctional Protein 3 (AIMP3) is the smallest non-enzymatic component of multisynthetase complex [6, 7] . This protein is less studied among other auxiliary components. It was shown that it demonstrates strong sequence similarity both with glutathione S-transferase and subunits β and γ of elongation factor 1 [10] . p18 also has homology with N-terminal moiety of human valyl-tRNA synthetase. Because of this fact it is suggested that AIMP3 plays important role in anchoring the elongation factor EF-1H to the surface of multisynthetase complex. It was shown that p18 strongly interacts with EF-1γ contributing to channeling system of RNA transfer. Exact place of p18 in the multienzyme complex is unknown but is assumed that this protein is interacting with methionine tRNA synthetase.
His physiological role consists in regulation of p53 synthesis and maintenance of chromosomal DNA. For instance, significant increasing of p18 expression level was shown after action of DNAdamaging agents [UV, actinomycin D (Act. D), and cisplatin (CDPP) ] action [8] .
After detailed in vivo studies it is possible to insist that p18 has also a tumor suppressing function. It activates p53 after DNA damage using the involvement of ATM/ATR serine/threonine kinases. It was shown than level of p18 is much more lover in tumor tissues than in normal tissues [5] .
The purpose of this study is to determine and study putative spatial structure of multisynthetase auxiliary component p18 and provide new theoretical data on which further in vivo experiments can be based.
Methods

Sequence Accession Numbers
Sequences used in this work are available at the NCBI protein database [3] .
Their accession numbers are: O43324 multisynthetase complex auxiliary component p18, Q9RAF0 -glutathione Stransferase; its structure's number at ProteinDataBank is 2DSA.
Template Selection and Modeling
To find an appropriate template p18 among homologous protein structures for web-based BLAST program was used [2] . The default settings were applied.
For the composing of the model, MODELLER 8v2 [11] was applied. Final energy optimization of obtained model was performed with HyperChem™6.03. Model quality estimation was made with Eval23D meta-server [4] which allows to submit model to four different estimation tools. Definition of DNA-binding residues was perfomed with PreDs [12] and DBS-Pred [1] . Chimera [9] was used for structure visualization.
A B Figure 1 Aminoacyl synthetase interacting protein 3 (p18): A -overall secondary structure; Bdistribution of electrostatic potential on protein surface (negative -red, positive -blue)
Results
Regardless of the fact that existence of multisynthetase complex was reported more than twenty years ago, total architecture of the complex, positional relationship of its components and mechanics of assemblage are is still not elucidated completely and sufficiently. The solution of given problem is a business of future.
It is still not possible to solve some structures of complex' components using reliable methods of high-resolution X-ray crystallography. However, as protein structure is important for clear understanding of multienzyme complex assemblage and functioning, it is possible to apply bioinformatical tools instead of structural biology methods in this case. Comparative or homology modeling allows to obtain reliable results suitable for practical applications. Quality of final model strongly depends on the rate of homology with selected template. Insect δ-class glutathione S-transferase which was used as a template has 28 % of sequence identity.
Obtained p18 model was evaluated and put to an energy minimization procedure which improved quality of the model. After refinement it was re-estimated with Eval23D as "good". As a consequence of this fact it can be stated that given model of spatial structure is reliable and non-controversial.
Auxiliary component p18 (Fig. 1, A) is a small globular protein ( it's length is 174 amino acid residues, molecular weight -19,8 kDa), associated on a surface of multisynthatase complex where it can interact with EF-1H subunits. Fact that p18 is highly conserved protein in all eukariotic organisms points out its important role both in protein biosynthesis canalization and in tumor suppression. This auxiliary component also demonstrates limited homology with valyl-tRNA synthetase and with bifunctional glutamil-prolyl tRNA synthetase. Highly-conserved residues were identified using alignment of p18 and tRNA synthetases sequences.
DNA-interacting amino acids were identified both from raw sequence data using neural-network algorithm and from spatial structure model (Tab.1). Exploring obtained data the DNA-interacting region of protein surface was identified. It was also shown that roughly a half of highly conserved residues belongs to DNAinteracting amino acids pool. This fact indicates their functional imporatance.
It is worth to note that surface of p18 consists of two charged areas. First which is negatively charged and may serve for binding on a surface of multisynthetase complex. Positively charged second part is mandatory for protein-DNA interaction after releasing of auxiliary component p18 from the comlex. Table 1 Amino acid residues that form DNA-interacting surface of p18
Ala2, Ala3, Ala4, Ala48, Ala49, Ala65, Arg28, Arg78, Arg126, Asn20, Asn37, Asn56, Asn99, Gln29, Gln72, Gln157, Glu27, Gly19, Gly26, Gly43, Gly62, Gly123, His50, His92, His125, His158, Ile30, Ile47, Ile91, Ile118, Ile128, Leu16, Leu41, Leu44, Leu51, Leu61, Leu75, Leu94, Leu95, Leu98, Leu115, Leu119, Leu120, Leu124, Leu131, Leu140, Leu169, Lys18, Lys21, Lys53, Lys68, Lys96, Lys136, Lys138, Lys166, Met1, Phe127, Phe146, Phe164, Pro31, Pro39, Ser17, Ser40, Thr35, Thr42, Thr45, Thr46, Thr80, Thr109, Thr132, Thr171, Val52, Val71, Val79, Val133, Val142, Val162, Val163.
Conclusions
Using homology modeling approach putative structure of p18 was generated, improved and investigated to define DNAbinding regions. Obtained model of multisynthetase complex auxiliary component p18 provides useful data both for biochemical and bioinformatic studies.
